The relationship between thermographic asymmetry in various parts of the face and indices of ocular sympathetic outflow was examined in 80 patients with unilateral migrainous headache. Both during and between episodes ofheadache, the pupil on the symptomatic side dilated more slowly and less extensively in darkness than the opposite pupil, indicating that ocular sympathetic outflow was compromised in some patients. In such cases the upper forehead and orbital region were warmer on the symptomatic side during migraine. In contrast to these signs of a reduction in cervical sympathetic outflow, eyelid separation was greater on the symptomatic side in patients with headache on the side that was usually affected. During the headache-free interval no consistent thermographic asymmetry was detected and eyelid separation was similar on both sides. These findings suggest that extracranial vascular changes and ocular sympathetic dysfunction during migraine are secondary to activation of trigeminal-vascular reflexes or to antidromic release of vasoactive substances from trigeminal nerve terminals. A secondary deficit in the sympathetic pathway to the symptomatic pupil could also prevent the expression of an increase in sympathetic outflow during headache.
The studies of Graham and Wolff' established that dilatation of large scalp arteries contributes to the pain of migraine headache, although more recent evidence indicates that such changes are not necessarily the primary source of pain in every case. 2 In our laboratory, thermographic signs of increased facial blood flow in areas affected by unilateral migraine or tension-vascular headache were observed in a minority of instances.34 In such patients, pulsations recorded from the frontal branch of the superficial temporal artery were greater on the side of the headache,3 which was usually described as throbbing and could be alleviated by applying sufficient pressure over the superficial temporal artery to decrease blood flow. 4 Between episodes of headache facial temperature was distributed symmetrically, although scalp arteries still dilated readily to stimuli such as light exercise and mild psychological stress. 5 Several mechanisms could influence dilatation of scalp arteries and increases in cutaneous blood flow in migraine headache. For example, head pain could initiate antidromic release of vasoactive substances from trigeminal nerve terminals. 6 Stimulation of the trigeminal nerve in cats also increases flow through the common carotid artery and skin via a reflex vasodilator pathway in the greater superficial petrosal nerve. 7 In addition, a decrease in sympathetic vasoconstrictor outflow or an increase in activity in sympathetic vasodilator pathways8 could influence facial blood flow.
The sympathetic nervous system appears to be involved in migraine headache.9 For example, a sympathetic deficit associated with supersensitivity to adrenergic substances has been identified in pharmacological studies of the pupils,'01' the cerebral circulation,'2 the conjunctival vessels'3 and the systemic circulation" of migraine patients. Whether the sympathetic deficit is greater on the usual side of the headache has not been settled, although in a series of 33 common migraine patients the pupil was found to be smaller on the symptomatic side both during and between headache episodes.'4 Thus, sympathetic regulation of facial blood flow may be impaired in migraine, more so on the symptomatic side.
The purpose of my investigation was to examine this possibility in patients with unilateral migraine headache. Speed of pupillary dilatation in darkness and constriction to light were used as indices of sympathetic pupillary activity." 1 Eyelid separation was used as an additional index of sympathetic tone because sympathetic outflow influences the position of the eyelids.'7 In the present study, the relationship between these indices of sympathetic activity and facial blood flow (measured thermographically) was investigated during and between episodes of unilateral migraine headache.
Method Patients
The study sample consisted of 80 patients with unilateral headache in the forehead, temple or orbital region at the time of examination. To rule out the possibility of a structural cause of headache, a headache history taken during a standard clinical interview was supplemented by a neurological and general physical examination and, when indicated, appropriate laboratory tests. Cluster headache patients and those with serious visual impairment, a history of eye disease or vascular problems such as stroke were not included in the study.
A migraine headache was preceded by focal In the headache-free interval, thermographic, pupillary and eyelid asymmetry for patients whose headaches recurred on the same side on at least 70% of occasions were investigated with paired t tests.
Results

During headache
The pupil on the symptomatic side dilated more slowly in darkness than the opposite pupil and remained smaller after 30 seconds of darkness (table 2) . None of the planned contrasts among diagnostic categories achieved statistical significance, indicating that the extent of miosis on the symptomatic side did not differ between patients with migraine or nonspecific headache. In 67 of 80 patients, headaches recurred on the same side for at least 70%0 of attacks. In all but five of this group, headache was on the usual side at the time of examination. In the 62 patients with headache at the usual site, pupil diameter after 30 seconds of darkness was smaller on the symptomatic side (6-01 mm versus 6 09 mm, t(61) = 3 54, p < 0 001). In contrast, eyelid separation was greater on the symptomatic side in these patients (9 1 mm versus 8 9 mm, t(61) = 2 78, p < 0-01). Regular consumption of prophylactic medication appeared to influence eyelid asymmetry: the distance between the eyelids averaged 8-8 mm on the symptomatic side and 8 9 mm on the nonsymptomatic side in 35 patients who took prophylactic medication regularly, whereas in the other 45 patients eyelid separation averaged 9 2 mm and 9 0 mm respectively (interaction between group and eyelid asymmetry, F(1,78) = 4 74, p < 0 05).
Druxmmond
Disturbances in ocular sympathetic function andfacial blood flow in unilateral migraine headache In contrast to the pupillary findings, examin- Table 3 Thermographic asymmetry in relation to throbbing headache activity of the locus coeruleus (a noradrenergic "sympathetic" nucleus in the brainstem) could initiate the vascular changes of migraine, whereas a secondary "fatigue" phase could disrupt pain control pathways descending from the locus coeruleus. Ptosis developed less consistently than miosis during headache and recovered to a greater extent than miosis during the headache-free interval, both in the present series of patients and in others studied during attacks of cluster headache.24 These findings suggest that sympathetic fibres innervating the pupils are more vulnerable to persistent loss of function or damage than those innervating the eyelids. The dissociation between ptosis and miosis in cluster headache was noted by Riley and Moyer25 who suggested that fibres destined for the eyelids and pupils may separate within the internal carotid plexus. If so, sympathetic dysfunction in migraine headache may sometimes originate after fibres separate in the carotid canal, or in their course along peripheral branches of the trigeminal nerve or at the end-organ itself.
In conclusion, increases in facial blood flow and decreases in cervical sympathetic outflow may be secondary consequences of trigeminal nerve activity during migraine. Mediation of vascular changes and miosis during headache by a central decrease in cervical sympathetic outflow is less likely, because ptosis during headache was inconsistent and miosis persisted during the headache-free interval. Repeated observations throughout the course of headache episodes are needed to determine whether cervical sympathetic outflow alters during different phases of the attack and whether a secondary sympathetic deficit masks a primary increase in sympathetic activity on the symptomatic side of the face.
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